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14.15-15.55 


; , 

[4 


64-QAM 


™™ 


6 l2/3 

: 


15 55- 1 7 35 


U.5 


64 (5AM 




6 ^3/4 


>17.35 


5 


64-QAM 




6 


1 5/6 





TX 333 H a ^( 114a )S433 3a 31"&4 4 TX 333 = 3.41*1 (120a)S ^34/3, 344 5113 TX 
MIMO = 3.33(102)3 3. ^^loflol rq-. TX MIMO H333(120aH3, 313#33(214)4 43 443 3a 3 
444 4 33 3a 343 a33(NT)3 33343^44/3, 34"3 iS^ 43 3a 3444 44443 4 
434. 4 3a 34 a 3.34 71)1301 ^2:71(122)^1 3^34. 4 3a3(122)4 43 3a 3444 ^Sl 

4J:3 3*43, 443-2 ^4343 3a3a42 43 3JL-i 4^ 3*43 471 43 33 433 44433 
3443 3a3 4Jl« 4344. 

44 471 4 33 ^4 4333 44 44 4343 4a4 3a3(4, N c <N T ), 33 4a43 47l 333 $ 
44 3*11 444 4 34. 3 4a33, N c 3a 3^ a334 4333 43 34 43 4343 3 « ^3(4 N c 
)aa 4444. 471 4334 44 434(Nt-Nc)4 43 333 444 33 4444. 44 4a33, 47l 44 
4<4 44 434(N T -N c )3 3 3 3434 443 3 344 43 r^!^ ^51 Aisi-ft i447l 444 
4. ^l^t^l^l, 44 °143 ^41^ 444 <?1SH£U, -JI^^hsUl, 4^51 ^ q}Bil4 4i^ 44 
4 4 S14. ^41^ i^ofl tfle> a o >71 4-^ ovtiiq-oi A>-g-^ ^ nj a] # 44^4H, ^34^ a>^hi ^«fl 
43514 711444. 

?i^ll CSI y\^]JL ^4 MIMO 443 

512B4 4471 Aii^(i50)i 3*11 3^11 CSHl 3H34 H ^4J4 4 S14 MIMO 443 3^ 

^(H0b)3 4333 34 345134. 43 3a 3H44TX 333 i£S33(H4)3 33 3sh3h, 333« 
3 jl 34 333 4S 3444 4344. 43 a3 3 4^4 43 443 3^33 33 iLn4 43 44 33 c 
SI3 ^343 ^433, mimo 443 3^3(H0a)3 33 43 434 44 43 434 4 34. 

TX MIMO HS33020b) 433, 33 MIMO HS33(212)4 43 443 4l£ 3444 443 4^ 34 

34a 34343^443, 4 44 4333 34 343 aa3(4 n45iH(eigenmode))4 43 4a 3444 
44443 4434. 33-csi aa3333, 33 mimo hs33(212)4 43 n c 3a 3444 4 34 44 
3 43 a443, 444 43 n t 43 a43 3a 3444 4444; 
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b 2 

M 

K 

4(1) 

444 b i , b 2 ,-.b Nc 44 44M4 1, 2 N Nc 4 44 wis ^ffol^, 443 N c 42 4444 

41: 44 M-PSK, M-QAM SL^r 4& ^2 42# 4444 143^4. 

e |j ir 44 *4 <&44S44 ^7] ^4 oj-^^tf] a o v 7 ] ^Al ^o,l 3J3| £ n-f^ 4^42E3 ^4i3-24 

4, x t , x 2 x Nr £ 444 ^ s ^ - 4:2 44444; 

x l =b r e li +t? 2 -e i2 + ... +t> Nc -e Wc , 



44 o4r44 PflH^(E)fe A> 7 ] ^7li 34 444 - 5lo_^, A> 7l -Al 7 H ^gfl Aj-7! ^A]7l^ 4^44. 

m] csi =3>iuh i=n«n. m 44 4444 m a 44 24s} 42 444(x t )~ n c 44^1-43 « 

2 443 4*1 ^44 4444. 44 «i2 44(x , ) 444 44 443 44 42 ^71 H4-£H3 Jl4 

44 sNRi ^44-4, i h 4444. 443 44 2^ ^2 444 im§44 44 443 ^ ^7} ^ 

444(n c ) 444 4s 44 4J: ^n^^l 4^34 $14. 4 44 #5^ ^<lh, 41 mimo zes44(212)4 34 

J43£44 44 2^£ «2 44(N T )^^^Hl#a)Ai(214)i 2\*b ^Hl#a)^ji^ 2 7l(122, N T )S4^ 

44 44 csi 44 44 csist 4 am 44 4444 ^444 4 s m 4 a 4. 44 44 csi *s.m 

& £4 444 o_ a 4444344 2fe 4^444^4. oflf. ^ a o > 71 ^ csi HS444 ^ 4 

44 ^44 444 Olo^a-SlJ! 4s ^ol^ ^44 t^olM^rh ^7} 44 CSI ^l^f 44 4 

4, 471 44 ^37} 4*44 SNR4 4*1 nfl oj^ a^o^ 44441 4 $14. 

OFDM4 7>x] ji 01^ MIMO 4^44 

£3^ OFDM^ %-§-*M, S^r 4^^°J CSI°H ^ §M i^t ^ MIMO ^7l a] 

i^(110c)^ ^Al^ofl m^M. 47l ^jiL «llt^ TX 3HEi =S»|A1(114)^ 0 j5iH5l JL, °]b^ 
«ElJl, ^Elo] WIS ^?t4. 47l 3^ ^ «t^r 4^1 ^7l Al^^cfl fi] ^ iLjr^ 7>-g- 

44^ °J CSMl 57] *M ^ 5i4. OFDM# 7>x] j7 01^ MIMO 47l «!2 4 

^51 4^flM# 4HH 4^ si ^ai o> EllM - S « ^ ^A] Si - MIM0 ^Al sho^ AV^U Bfli 

471 4 ^44 4^flM 4-14^ ^4 z> ^aj *y^3.^sh 44^fe ^ 4M4. 

mimo Ha^4i(i20c)i^, e^b]#?M( D emux, 3io)^r 47l ^ -J444 4^14n 4451 4^flM ^34 

^(Sli^ SL)S ^^El^^^S^C]], Zj- ^4-, 4-4^^4 tfl^ §>40] «. S fl^ AESA Aj-7! Al # ^ ^A] 

4^r^l 44^4. 

4^ll csi Ha^4Ji ^n, 4 4^flM ^4 i^lf /M^-a ^flM mimo =s»|^(312)S. ^l^^4. 4 4*41 
mimo Ha^443i2)^r 47l 4^ ^J4 i4l 44^1 -J4 ^iii^ta q^^^si^, z> 
4^Mi ^4 44^ ^34 >H 47l «ls ^444 ^^14^-^1 4-8-^4. OFDM *i^oM csi H 

s_4*M rfl^i 41-7] 4S5101 44^1 444 4*flM 4i ^4^4. 444 443 4*141 mimo h 

34H(3i2Hr 4(1H 444^ N c ^444*1 4- 7 d i!4^ 4« «s ^3444 4^S44. 4^3 4 
44 4*flMS3 ^ai sfl-^ofl tfl«> zj-zvo^ Aj-xj ^^£1 n c ^4 4*13^44^13 «ls ^3443 ^i*J 

^44 44\S4. 

44 csi hs^i^oii 4 t-14 44 44i 443 4*11^ mimo =s*IH(312H 34 n t 44 2^ 
^ ^12 ^3444 443 34 ^^#^^^1. 3l6a°M 3l6t443 N T ^34 £^ 4^ 

44. i?14, 444 4*4i(Di 443^ 441 mimo =s»|>l(3i2a)^ 444(1 44 n t )3 444 44M( 
1)4 44 n T 43 44 ^2 444 4^4 4 $14. 4444a, ^44 44M(L)4 443^ 44M 
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MIMO = 3.»H(312l)fe 4314(1 W N T )S\ 444 4*flM(L)i m N T 7fl5] ^344 444 4 S4. 

nein, 4434J csi 3*114, 445] 44M &k sz^(s)4 445] ^3^*1(314)41 ^1^1 

aiAjs] j7, (^rfl) N j 45] ^4 ^^"71 (316a 44 316t)°fl 4444. 44M MINO = 3.*IH(312)# 44 4?l *\ 
^ «^a]o] CS | J^S^. 

445] ^*>7i(3i6)^ i_45i 444 4*wi m «2 444 n, 445] 44 ^ 4 

^^(V)i 4444 ^H^, 4S7l(122))4 n 42 ^4 ^f: 4444. 

444, MIMO H5L44(120c)4 445] 3.4 4444 4*114 444 4 N T 7l£l 42 ^34 44(V , 44 V T ) 

4 44471 444 4^444 4444 45144. 444 4 ^34 44(V)4 VI- VI 44 #S4 444al, 

44 44(v)5] 4 444^4 42 d44 3444 ji-8- 4 « 711444 444 44 444 44^4 4444. 4 

4 44(pure) MIMO 44 222 4444 4444, 42 44 44 ^ 44 44 44 44 44 

4 44 M 4 ^Sfl^i 44 24 44 424 44 4 SI 4. 

51 34 0FDM4 m 424(122)4 ^444 1x4 ^a^ji 0,4. M IMO 2244 (1 20c)244 4 42 44 44 ( 
V ! ix] V T )7> 424(122a 44 122t)4 44 44£4. £ 34 24£ 4 a] ofl afl a-] , 443 424(122)4 IFF 
T(inverse Fast Fourier Transform)(320), ^Hf = 44^; 444(cycle prefix generator)(322), ^ 4444(32 

4)1- 2444. 

IFFT(320)4 IFFT4 4444 440] -44 4^ ^ ^4 A^k-S^o] jt 4(0FDM 442 444)22 44 
44. IFFT(320)4 444 44 444 44^(444, 8, 16, 32 44 4H 4*ll4 IFFTt 4*3424 444 4 
$14. 444444, OFDM 442 4*4 444 42 44 q^<$ tflslH, 4*lt 24«!2 4434(322)4 44 4 

£ o}^^ aj^ *jaj §>71 ofdm ^3 ^ AiTi.-pfloi ^ <a^^ ah#^ = 

^ IFFT(320) ^ ^71(322)* ^m^r ^ ^ 7}£&*W <& 

31 7^ ^ES ^7lAi^ Aj-^el 

ZfZf£] Hel^l^ ^7l(322)(^, zvzvo^ o^]^ ^ &k)3.^°\ A1?V_£P(|01 a ^ 

1: ^^*>7l ^isfl ^%^^7l(324)i ^l^fl A^^jl^^cfl, Al^ a ^ 

^Hll 4(1 24)3^ ^^^4. 

OFDM ig^fe $ A.C. *8<g(John A.C. Bingham)^ 1990\1 IEEE pW^I^ Multicarrier Modulation f 

or Data Transmission : An Idea Whose Time Has Come ^ A <M1*1 °A°-^, ^ ^^1 

A^lA^ ^^4. 

^d* 4& ^514^^ ^ $14. 

£ 4^r 4& 4*J^ 3*H 4& 7^4^# ^lift ^ 51^^ HL* OFDM^ 4-§"4^r MIMO ?1*7] Al^^(1 
10d)5l iflet 1^5Lol4. ^l^^(110d)oll SlsflA^ Ad^sj v]^ i^*>JL Sl^r ^ ^o]^ 

7> q^Hl#aU^(408)i 711^44. q^^saU^^S)^ °d ^ ^l^l^ft 4^(K)5] ^flM ^H^ ^H^(B , B 

K )^.a ^^HlSalAj^. Zl-Zl-^ cflol^ ^l?lcfl Al^^Bj xfl^ ^ ^ JXi, c|l 

^ ^ $14. 442] ^flM CflolE^ ^EEJol ZVZV^ JX ci] olEi i£^lA^( 114 )i H, A o > 7l JX 

^^Ej HS.Afl>H(114)fe =L cflolEl AEej| o lsfl ^ 7 jl o] 2 rj A>-g-§ M ^y] no]^ m 013^4 

n, dB^«J 4^1 i ^sfl^ a>71 oi 2 ^5i cfloiE^ oi^el«!44 =l *m ^^}7] $n 

471 <?la^4 Tifl ?i^P>4 - o I4( ^_ tr 4ofl 45f 7 Vo] ^fl^ C)] o] E-| ^h^44 4 S S4 4 

H^5l « ^ fl u^ « 44^ « zi-zi-o} ^a., jxi, ojy 4 s a!4, 

^4 444 4^1 a £4 4 S S4 4 $14. 

4 tx til 01 3 HS^14 (114)^4^1 51 4^ ^4 ii^f 44 °1451 444 4^flM ^ 4 444 4^flM51 44 
°145] 44 4^flM4 4*11^ 444 4 514. tx MIMO HS^l4d20d)4 tx Z£a^l4(H4)3i4^ 4s 
^34 ^H^4 4444. 4451 4S ^34 il!4 444 44 £E1 44^, TX MIMO HS^H (12 od)4 4S 
^34^^14 44 51 4*flM ^4^h^si44b]44 a J44. £ 4i £a^ «2 ^4 il^(S , 

)4 4451 444 4^11^4 4*11 44^1 31, 4s ^34 ii^s K L 44 444 4^44 4*11 ?1444. 44 
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S\ 444 4333 34 42 2234 443 433 MIMO 2244(412)3 334 333^, nl43434(414) 
3 333 343433 33, zi-z]-^ ^ oj^uMi ufl*> ^ ^ %^}7] 3*114 443 (41 6) -11 33 1 

424H3U 51 33 ^« 34 444 4422 4424). 

34322, 443 3^4 ^ m % ^ 5-743M zi-zi-^ ^.71 34 333 34 3 

334 3342 4244. 324 44322 333 ^32 44 CSl4 33 CIS3 *J334. 333 34 

3 4434 34 333 34 33/44-csi4 443 Ai^^ 4333 xj^7i Ai^Bfl^ 

33, 43 343 Al^Bfl^ 3^ s ^ *J ^§>7l 333 n 324 A}-g-*>4. 4 333 33 4334 3 

44 MIMO, OFDM 24 44 34 44 344 344 4 $14 34 44 44 43(343, CDMA 43)3 333 
3434 44 34 34 333 3472444. 

MIMO 33434 20004 3€ 223 4433 4 #€$13 44<337ll 4235S23. 4 4232 $14 

34 43 44 3 09/532,49231 HIGH EFFICIENCY, HIGH PERFORMANCE COMMUNICATIONS SYSTEM E 
MPLOYING MULTI-CARRIER MODULATION 3 3 44§1 4333 $14. 44 443 7] 5] 7142 5E4 A}-g-^ 

4 $123 4 433 33 33 $14. 
MIMO 443 A]^ 

a ^ o] <y^.£ 3334 4*471 33 MIMO 37^^ 242 Al^s 74342 MIMO 333 434 

4344 344 3444. 432 33 434 3471 3233 43 2H32 ^ji 743(323, 23, 42 4)4 
^]43 41 «fl aR-24. 234 434 433, l^js} 33 5-74M n^o] 4x^4. ^ ^4113 33 4 

square error) 34, 3} 431-CSI 7144 24443, ne^ 3i4& £4 33 444 4 $123 4 4^3 *3 vfl 

3 $14. 

£ 14 333(N R )3 44 4341- 43443 3133 344 334 4 $14 4471 3^(i 5 o)4 4444. 3 
tfl N T 33 34 4Bll4S4^ 3434 4J4r N R 7flSl 4^1 4(1 52a Ml^l 152r) 44°ll 443 n, 44 

3 4^7l(DEM0D)(154)(5L4H-4H M^lSE ^l^^H iM!34. 44 4^114(1523)4 443 34 
4314S43 443 3434 443 4J:1- 44t 4 flji, 44 4^l4(l52r)£ ^Wi ^3 3434 44 

4 44t 4 $14. 443 4^3(154)4 44^ 444 ^34^(condition)4JiH?i^, ^ 44), n ^4 
4^4 4J:t 44 4444 74^^ o. S 44444^, ^ 44442 43:4 334444. 443 4^3(154) 
4 444 4i ^44 4^J43 442 4°J^4 4*fl 43 33442 ^44 S4 4^4n, RX MIMO = 
S33056)i ^1^44. 

^>4 $\o]b\ OFDM3 4434, 443 4^3(154)4 £ 33 £34 4^3(122)3 333 4 S S3 

4 33ft iL444 33t S4 4*344. ^343, 443 4^3(154)4 43 fft HS334 ^43 444 a 
44 ^3344 42 34 33 ^H^4 4^44 FFT Ha33(3£3)i- a4443, 443 334 L33 44 
4 4333 34 L33 42 344 ^444. £4 4235] fft HS43S433 42 34 33 iH34 34 
3433/443(2 53 323H ^l^^^c-n, ^7} 343433/1434 33 443 FFTH2332433 4 
^^34 33 2234 44(33 L3)3 433 34 22322 334 44. (33) L33 433 34 223 3 
34 333 RX MIMO 2233(156)3 344 4 $14. 

MIMO 3^Bflol 0FDM4 Al-443 44 3434, 443 RX MIMO 2233(156)4 Al-43223 N R 33 44 
4342433 42 343 33 MIMO 334 434 4 $14. MIMO 3^^ 0 fdm4 aR-444, 443 RX 
MIMO 2233(156)4 Al-43223 333 343 4434 L33 444 433 443 33 N R 33 44 4 
342433 42 343 33 MIMO 334 434 4 $14. 

N T 33 34 4343 N R 33 44 4344 434 MIMO ^1^^, N R 33 44 4343 43433 4 
434 424 444 43 244 4 $143, 

r = Hx + M(2) 

333, - 4 444 34 33(4, 44 43433 4334 43 44 mimo 33 243 434 N R xi 33) 
3n, H4 43 343 N T 33 34 434 3 N R 33 44 4343 33 444 3444 N R x N T 33 3 
4 32323H, ^4 344 34 33(mimo 3423 N R xi m 3 3)33, ^4 444 433 44 44 
34 N R xi 3334. 444 34 33( ^ )4 43 343 N R 33 44 4344 43 4434 N R 33 4 
22433 N R 33 42 344 2444. 44432, 342 34 33( 2)4 43 343 N T 33 34 43 
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44 4«H 443 N j 7fl -£] 434 N T 7fl 3 4^ ^44 S444. 

ccmi 4-8-gH? MIMO ±£z] 

CCMI 7l#cfl ^a], 4471 Al^Bfl^ ^A]^ ^ r jdfl cflgj] sflvg pflAJ JgBi 444 3*1 4 S 34H, 4^ 

H H r=H w Hx+H fl n Al 



°44i ^2*} H ir 31 4i ^4 4444. ^4 PflH^^(R)ir *fl4 ^ ^^±(H)% H H 

51 44 44^41 ^Sfl 444 ^ R=H H H ). 

m ^14 ^^±(H)$r °M ^44^4 ^*fl 444 ^4^4^ -<j-£^ ^ a 4. 2^ ^14 4 S 34 

H 3.4 ^M51 SNR4 4^41 <gH £3,3 ^ ^ebJ^ ^s>ji h 44 

°1451 «4 *flM4 ^ 3.44^ 341 44 -R-el^rq-. 2^4 434 Aia.^ jx^ ^4^14 sj-OJ^ Al^r: 

^44. m% 4324 4<a 34 ^4 4^471 $m 4^4 ^4 7i444°w <y-§ 

4 51^ £-*H*l 444 4 $14. H&14 ^4 4^ 4^ ^ * F4(F- LingH 19994 10451 I 

EEE 44 sjJi 0 !! Optimal Reception, Performance Bound, and Cutoff- Rate Analysis of Reference- Assisted C 
oherent CDMA Communications with Applications °fl 7l^fls]^ 514. 2^$ ^fl 1 ^ 4^ h o >^o]i4 H4 4& *4a 

4^1 SflM 7^4 *4=^(H)4 4^41 pfliejA SjHfl^ ^ 514. 

34 434 *W 4<H qm rH I )# ^4(inverse)(£fe 34-^4)4 ^40.^ 4 $1^}, 0} 

444 4°1 a ^ ^ ai^. 



= ^ (4) 

33 ^4 0.3.^, 3^ 25)4 44 m( ^3 4eWU(4, pflH^i H H 5). 

s*l) 114^4 ^41; <* ^ nfli?]±(R -1 )4^^a^l 4«€ ^ 514^^* ^^$14. 

^M^l SNRtt 4^4 7 ^ ^ 514. ^ «]^( s )S1 4^4 *™ )fe ^4 

^I^^t;-] 7^1444. °d4^ °™ 4 all sniE]o> □flEeJ i(Herm j tjan matrix) -yell, ^, n44 4^-^°^-^^ 

^14. 44 s 44^1 AJ^ol Hl^J-^olj! Sl^ol^ ^A>5l4D !(iid)i ^ n)cq ^Aj- 

4 444 4^1 i44 4 Si^, 



^ (5) 

ife 44 ^H^i(4, ^444 44 1 «U ^ 4ife o)^ji, °4 4J 4j151 44 44*14. 44-*l 
m 44 «!^( 4)^1 4444 pflH?li( 0 -»')(4. °fl*J %m R - 1 4^1 a>^_^ o]*)^ 4^ 

4*1 S44 4 SI 4: 

0„. n . = ^Tn'n'" ] 

= ^ R_I ^ (6) 

44^ 6°114, 44-^4^4 44( 4^4HS1 44 44( °-)fe °44i, f » fe- R - 1 51 i-4 

^4 4sl?m°l4. MIMO Ai^Bfloi ofdm4 444^1 ^ ^4i, i-4*fl 451?!^^ i 4*fl 44 4^144 4 
444. nsln ofdm^I A}-g-£]ig, a-] y.^ 3 ^E j j= a]ba 3 |e jkS 4 SlA^, 47l j fej4*(| 444 
4^flM4 44^n k^r k4*fl 44 4^1144 444^ k4^ 445] 4^flM4 4444. 
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ccmi 344 451* 444 j, 6] 1^4^)3 ^ 1^423 snRtt 433 33 a 

34 4 33: 




33 133 433 34 ^ 3 343 33322 1 a .041 3, 43 3# 333 snrtt 433 ^o] - a 



%± u $ 6)i 6]^ 444 ^ ai^o, M f ^E| ^ 1<|WM s443 4 533. 

N N 43 433243 ^4J^4 424 32 4333 243 324 33t 4 5123, 333 £0] J£^ - 



-if «„ 

243 323 SNR3 SNR total 4 N R 43 4332433 423 snr ^ ^ m SNR4 24 

t 333. 2^3 SNR4 4^3 go] a ^ - oj4; 

£ 54 3#3 CCMI 33« 3 S 3* 4 514 RX MIMO 2233(156a)3 333# £a^4. rx MIMO 5^1^1(1 
56a)333, N R 44 0^4^^ 33*33(512)3 33 33*3333 433 32 43!" 33 

r 5i 3334. 33 34 3232 h 4 333333 ^33 33 33 #33 3-353 12 33 3 3^-3 

33 3233 433 5)-^^ Al Jrofl 71 4 514. "fl^i R 4 H43 3#3 43 33 R = H H H 

3 33 3333. 433 32 31- 33 _r 3- 2^3 33 ^3(514)3 33 ^3333 <*](3)6|) *j#3 44 ^oi 

^J}-43 4^ 7^4 PflB32 H H o)| 4 ^ _r4 nlel §*V4. ^4 433(516)3 33 33^ 

3232 R -1 4 nlel 4333 ai (4H 44 7 E v 0 ] ^a}£ 32 34 33 jc 51 4 3333. 

43 43 £Ef 33, 43 333 22351 434 ^*fl a>434 £4 3332433 443 34 2233 3 
4, 43, 3 4343 43 3351 324 2444 243(518)3 343 4 514. 243 42 ^34 jc 4 RX n 
^41 H2^4l(i58)i ^11444. °t3 51 si 44 4^1 224 44^1 ^32 A J4 jc 4 RX ^441 H2^4l(i 5 8) 
i ^^3 ^144 4 514(2 5i4 ^ISLAi). 

44^1 RX MIMO 22^41 (I56a)4 =4214 a^b^ a>4s]^ 4 a] A W> i. 4^^<?] ai 

4 22^34 ^S^44. 4451 ^34 22^34 4^1^l 42444 4*ll/4^-CSl m ^1 42 ^34i 4^44 
?1a1514 42 ^344 242>4. (3*133) ^ 22^34 RX d44l 22^4 (15 8H ^1444. 

RX ^441 22^41(158)41414, 32 3421 4451 3333 34 22^34 333 43 334 ^14 433 x\± 
3i3 3334 32 433 32 233 4 42 43(3, m-psk, m-qam)4 3*334 333 32 33323 
3434. MIMO 43 224 33, 24 443 423243 423 3334 43322 3234 4 333 33 
3 33 333 22322 334334 4 323, 243 433 43233 33-34 23 3 32 433 33 
3234 4 33. 333 33 333 2H34 243 43 333 2H3 3 33 433 43^33 34-34 33 
42 2334 323 433 3334 333 323 3 343 4 33. 333 323243 323 3 3334 3 
3 333 2H33 33 433 3333 4333 4334. 



43 3 32 3 4 x 3/24 243 32 3 4 jc 4 CSI 2233 (520) 3 3 4 3 3 *3 3 3 3 3 3 3 3 24 
4333 CSI4 3332 43 33/4333 CSI3 33 2Ji324 #33 3^(110)3 3433. 34 43, c 
si 2233(520)4 433 333 323 3233 i33 43 333 33 443 3232 a „„4 4333 3( 
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7) 31 mm snr^ ^ $14. snrtt ^4°m ^*i4 451- 4<n^ 12 ^ ^ 

.^O] Al^BfljZf -H-A>§>711 A $14. SflM^l cfl^SNR^ $~&7] Aj^cfl CSI 

ft S444. ^2 ^3#^ ^^71(522) £ ^ pflH^^i H ft AA ^«Hr nflH^ =3. AIM (524) i 
^7>S *H^£M ^ pflH^ R ft 4^44. ^l^ 7 l(530)ir RX MIMO M^1(156a) 3\ RX tlMBj 
58) i 3^r*M -frMH^I 4^ft 4444. 

UMMSE 7^ft >M~g-«Hf MIMO ^7) 

UMMSE 7l#i^§M, 447l ^Aj£ A] a. ^ J- 4 BflEgjA M ^ ^AlE) Aj^ ^ ^ 0} 

MMSE ? ft ^-£*M, ol fa go] a «€ 4 514: 

2 =M £ • ^(io) 

pflH^ M 4 2:71 MMSE ^ 4 ^44 ^ft ^M _5 (4, e= X -x 4413 ^ _e 3 >§ 3 ^ ^ 

sl^l ^i7} S^ft Ajeflsli;)-. 

M ft 4^441 fll-8- ^ <r *r 3*1 4ft4 £ol, a ^ - 514; 
f = £{e fl e) 

= £{[r fl M"-x"][Mr-x]} 

= E{r fl M*Mr-2Re[x"Mr] + x''x} . 

wl-S- ^4 * ft 3£S* *41 ^sfl, «!-§- ^444 m 4 44*M 4t 4 n. ^144 444 ^1 O oi 
€ 4 $14: 

-^-5 = 2(HH" -2H = 0 . 

cM 

= 4 £{xx H } = I, £|rr"} = HH''+^ > g £{rx*} = H # a>-§-§ M , 4ft 4 a] 
2(HH ff + ( !i m )M' , =2H . 

444, pflH^i m 4 444 4°1 i44 4 $14: 
M=H H (HH fl +<U4 

^ (10) 3l ^(11)ft 7121S.-SH, ^A]sl Aj^ tfiEi _x ^7] MMSE 4^4 - 4 444 4°l 4 3.4: 

x =Mr 

= H"(HH w +^)- 1 r ^ (12) 

UMMSE 7lftft ^4 44 SNRft 4^441 3*H, 4^ ^i^r 44 44ft 4*11 ^§44 jc 51 

5 ft 7l^a§M 4^14 4 xi^4 444 4°1 ^ $14: 

£[x|x] =£[Mr|x] 

= H"(HH H + f » ra )- 1 £[r] 
= H' I (HH JI + ( *„ n )- 1 Hx 
= Vx , 

4>7l pflH?!^ v 4^4 ^^144: 
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= MH 

= H"(HH fi +^„r 1 H 

44 44^4 4444 

(HH H +0J" 1 = f£ -0; I H(I+H w f0 ra 'H)- 1 H , 'fC . 

pflH^ V *r 444 yro] n^f ^ y^. 

^71 MMSE 4*J4 ^ <H i4*fl 43 4 444 4°1 4 Si 4: 

^ = v^ + ...+v rt + ...+v wA . ^ 

44 «144sU, os] ^§444 4^14, I 2] i4^fl 151^21 i444 444 4°1 S4 

4 4 SI4: 

^ / |x] = v ff j: j . ^ (14) 

^(I4)i £7-14 44 £<4 ^ x ,.2] 4°H A <!£ 4^&°14. 47] 4 6 H^4 UMMSE 7l4i 44 ?fl44 4 

471 ^4 «447l 3*H 4 SI 4. x ,S| 4*H^sl*l &4 4*J44 *' # i/ ,,3. 44i>-S*i ^44 

4 S14. 447i 1*\ *}o]°\w*\ &4chii 413 4^&<?1 5 4 444 4°H^34 4^ ^ 

i «H?jiD v -Unlel i^M S!44 4S1^ : 

l = DvS , ^(15) 

47l D v=^a/v„,i/v 22 ,...,i/v iVjJV(! ) . 

4^4 34 4444 4^471 34 43<>H33 44 4^4 - 4 44£ ^4 ^3 _^433 i3 i 4 44 

e =x-D;'x 

= x-DvH H (HH" + fU~ l E' 

413 ^ i 6] x>7i44 H4±^r 444 43 S44 4 S14: 

= I-D; 1 H' , (HH' , +«>,„r 1 H(l-|D; 1 )-(l-iD; 1 )H' , (HH'' +0 m )~'HDy . 

6)| e] siE-i i si i43 433^3 444 u /7 4 4344. °fl3 tf]3 S 21 ^34^ 4444. n34, 444 3 
3334 413^3 i 21 t34HA}33 443 47-14 4 Sis 444 3^ 3434 344 33^4 444 4 
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44 44 443 <L±7} 3443H ---4, 44 443 44 4^3^4 3(5)4 £34 44 4*1 S44 4 514. 
471 344, 43 i £1 47144 4^3 ^4 444 4*1 S44 4 SI 4: 

4 = I -D;'[I - <7„V„ 2 I + R4](I ~-»x ) ~ (I --D^)[I - <7„ 2 (cr;I + R)" 1 ]l£ 

= » = <«„}■ M 06) 

n-^ji, 44 443 4i/> 44434, 

U = I-D- l H H (HH fl +^ n )- 1 H(I-iDv 1 )-(I-iDv , )H''(HH'' t^HD" 1 . ^ 

i44 444 344 4444 4^3 4^51 snr4 444 4*1 3t44 4 514: 

4] (18) 

44 3 si 4 44 34 x ,.£1 44 I*'! 1 4 ^43 1(1.0)4 44444, 44 34 433 SNR4 444 4*1 
S44 4 514: 

= — . 

£ 64 RX MIMO H3.^4(156b)3 4144-i £4*H, 444 ummse 4^ 4 514. CCMI 4^4 44 

44, 4^3^ H si « „„4 43 44?! 44^ 4s ^/SE4 4*13 444 3JiS43 514. n^Ml /> 

^ 44 4^3^ M 4 3(11)4 44 4444. RX MIMO ^3.44(l56b)443, N R 44 444S433 4^ 
431-4 ^3(612)4 3 4 #*H*M 444 4££ 431 43 _r Si ^*4. 444 4i 31 43 _r 4 

^43(614)4 34 4^34 M 4 33 ^*W^1 3(10)4 4^4 44 4*1 444 431 43 _x 51 

^ 4 *J^44. ^ 4 44S ^^71 (616)41 2\*b 44 nfleeJA D v " 1 4 33 #*H*H 3(15)4 4# 

4 44 4*1 444 414 43 1 3 4334133 &4 5 4 *J344. 

44, 4 W3 43 ^4 £Hi 44, 41 433 4H33 444 34 4434 4*111 434 ^H34 34, 44 
H 4441- f-4 343 3iLft 2^44 ££^3(618)4 444 4 514. ^44 4££ 434 4 ZL44 RX 4*1 

El HS34(158)4 4444. =lz\3L, 333 44 44 £H4 443, 4414 4£ 434 - 4 RX 41 *1 t4 HS31 
3(158)4 341 444 4 514. 

433333 44 4^ 434 - 4/£4 ^44 4^ 434 *1 CSI H£313(620)4 31433, 334 HS^ll 
44 44 444 44 44 £4 44 CSI4 434^ 4471 ai^^(iio)«^ 43 iLn4 44/44 CSI4 4444 
. 44 44, CSI HS44(620)4 3 (16) 43 (18)4 44 I44 34 433 SNR4 44144. 44 443 SNR4 
4471 4^Bfl o_ a tijis]^ 44-CSI4 S444. 3 (11)43 444 44 4*1 333 M4 *13 43 43 
3 S44 3^4434 44. D v 4 3 (16)4 44 4444. 

44 -CSI 4^4, MIMO 4414 

44-CSi 344 44, N R 44 4443 4344 444 444 43 3 (2)4 S44 43 4*1 S44 4 51n: 
/- //.v I a 

443 444333 44 4^3^ 44 34 344 4 = 3^ 4^3^3 n44 444 444 4*1 S444: 

If" II EkE h 
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E 4 jl-fi-St il^«)2, /l 4 jl-frStS] tfl^l^H, °1# #51 N j xN j °14. 4^14 q (1 

H w>5}- ^-ol, jr. o-^ tg*g E s a^M n T ^^!tS] ^ll^t ^(precondition)^. «t4. N 



4 isnlH 4440IHS, ji-fi-a -H-M ^-51 (unitary) *3lH4. 4^, _b 51 45l*m4 

Bl(power)4 7>44 1 3, jc 51 tel^Ei^. 4^4 ^4 7 }44. 444 ^31 fe- 4^4 £°1 i*L€4: 



4^14 ^M-^^-^Bl <g4# 483437, ^44 Jl-a-tflBloU 34 ^o] 4=344. Tfl^-^-SW 4 £421 4 
47} «41 _z °1 H 4^4 ^1 

Z=E H H H HEb+E H H H n=Ab+n^ ^ (2Q) 

^71^^, 44 444 ^oi S44 4 5i4 : 

£(M W ) = £(E"H H im /, HE)=E''H w HE = A ^ (21) 

^, oL-frSH S]*H 4 A H ] cflgfl #^21014. _z o} jlfi/ ^ AJ 4 6] SNR ^ ^ . olJ7, yl 6] ^ tfl 

4 t^H°14. 

3*H-CSI *)B|^ <?I4S 4^4^ 09/532,492^1 4^1*1 7fl*13°l 

£5i 44£ tel^H^r 3*H-CSI 7l#^ 4««HrHl a>^ 4 0^4. 44^ ^ 2 ai^ ^ _r ^ 

3 (51 4)41 «l«fl l^sU, oie-lift ^e^ a) (20) i 2°l <3]e1 _r ^ 4^3*1 7.flM t114 tg^ 
H H 5). nl el ^*>4. d^ol, ^e^ (20 )ofl 451- go], ^71(516)4 2lsfl ^44> JL-fW E 
H £1- nlel ^SMAI 4^ ais. tfiHl _b 51 ^3*1 _z # 3*H-CSI 71^21 7J4, = 3>M(524)fe 33" 
*V H-a-^El EHf *H4*}:£4 4 A J£4. ^ ^elH-1- f-^, 2^-71(518)51- RX =3.AM(158))fe 

44 ^ol 

431-CSI 7144 tflafl, ^Al7l ^-Mlr -H-frSH 51S11 ^ ^ S NR°11 7l^4ol 7\7\S\ JL^^ rfle> 2^ 

4 ^2 A JI Bfl^Kconstellation)!- ^?t4. «fl^ 27d°l CSI7> ^^171^41 4^sH ^ 

^1 ^ 7114^^1 a>4^ a|4 ah 51 ?K2Ho|H ^ ^5is «!45lxi ^44^!, ^ ^-li^si ^ 

4^ 4^1 ^ SNR4 7>4 4^ a ? < ?l AWGN ^]H51 ^'H^W. 

a *n a^- ^ csi# 4-471 o.g. 4^1 aa^ ^^1 

0441 74^5] ^B. CS |^]t CCM | rci^ UMMSE) £4 ^^11-CSI 7144 74§-«M, zl-421 7J4 SNR 
oi 444 43:^1 ^ >goi44. 440.^ x d 4 ,4^^ 747^51 SNR 4 ^44 ^444 4«fl 4471 a}±^o_^ 
4a1 iiji44. 7d4 ^flM(4, ^74^ofl cfi^n ^el n 74§11r OFDM^l 4-§-€ zl-421 44^ ^fl 

Mi ^«11) 7d4?l #2 ^3#21 SNR 4* ^H^t^S^l. MIMO ^421 ^147^4 7^447] ^ sfl 74^ ^51(^4 

1-^, ^3 «2)2i 4«°1 ^-csi 7i4i i«l 31^ 71514 ?17114 csi 4°1 ^ 

?14. 7d7ii_csi slH^i 7l4i i«l ^ii(«~hHAi 4^M4 ^4 ^44 n4^2l- 4421 a> 

44 44^ ^Tfl^l i?t n-a-^ H-8-SH21 7ii4# §>7l 4^ *H 4^l7la ^^^44. 

CCMI 71421 7^4, 444 4^ ^34Hft ^ 444 ^34^ ^4 *™,= l^l ! '' 2 . £fe 

SVR, =l/^4„ ^ ^ 7H1 ^ H «fl^4 UMMSE 71421 ^4, 444 4^ ^403 SNR 4(i« #^!, 7fl 

M4H41 44^1 ^34i ^ ^.-^li-jV-. ^4 SNRJ = 1/u _ii, ^741 u .. 4 70 (16) 4 (17 )6)| ^44 44 4 
°1 i^)^*^l7Hl slH«Jj^4. ^^-CSl 71421 7^4, 444 4^ A1403 sNR4(i« i^i^ ^ 

W*\ ^ ^ SNRi= |Zj2/a2 "' £4 5iVR =^/^« , 0441 , || 4 R 21 H4S 
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34)4 4433 3J5344. 3*11 -CSI 343 ^ n-fi-SH E 4 zl^sU 4433 3H^44. 44 £ 33-C 
SI 343 33, SNRtt 333 334 ^343 33 44334 4444. 33-CSI 343 34. H45155 E 4 

* 343 455 344 33443 4444. 

^433 43 iLH4 CSI4 4313^S, 443^S 514 344 55^43 4444. H 43333, ^ ]£i=. 4^ 
CSI4 433 5.S AtH3ll, 443 333^4 cl^ofl x^s) C Sl3 3^43 4444. 33 CSI 343 34 3 
S3, 333^4 AtH4 H451553 34 (33 ^111 3^4) 4334. H444 3 33355 1445554 43 4 
= 3 4443 4n, o H 44 o 1§ ^ ^ ^ £ ^H^t}. 4 & 4^]^, C SI4 444 S4 3(34 #4, 

444 43 3334 ^44 3)34 443 n, 34 3H3 343 -a-iL 4514 444. 4433 csi3 is^l, s 

NR4 343 44* 34 4444(34 #4, 4*3] AS). (MIM04 74334 £4 433 44) OFDM 35i33 

34, 444 5133333 csi3 4343 4^4 34443 4444. 443 3 CSI4 4444 

ofdm 35:33 m 444 4333 34 43 44 4343 ^444 SNR3 444 34, 334 5543 

43 snr 3 3^ n3n 34 444 4333 Atn34. csH 33 3H34 33344 4^334 44 44 

3 3H3 33 33 44 343 444 4 Sin 344 4 4^3 33334. 

£ 14 43 4^44, RX MIMO 555533(156)3 33 433 33 £r 44-CSl(34 44, 33 SNR)4 TX 3 

33 555533(162)3 343n, 334 5555334 CSI4 3343 44 343 4553(154)3 334 3334 3 
444. 4^3(154)4 334 3334 43s 333343 CSI4 44 334 43 443 3^3(110)3 43 
3444. 

3^3(110)33, 344 3H3 4J4r 434(124)3 33 4333, 4^3(122)3 33 4s3n RX 333 = 
5133032)3 3444. RX 333 555533(132)4 TX 333 555533(162)3 33 4*33 44 4S33 33 

4 4 s S4s 34 TX 333 555534(114)4 TC MIMO 555533(120)3 3433 343 33 33# ^3443 
443 iLn4 33/44-CSI4 4444. 

443 3^(110)4 443 3^ 6 3(150)^.S43 33/44-CSlHf- SNR3i)3 3^43 443 33ft 
^(4, 34)44. if- 44, 443 34 3^3 m s34 ^S wm#3 m SNR3 33 344 34 333 
33- 344514 ^344. 44s, 34 3^3 m 455 334 m SNR3 3^43 4^44. 44 33(34 
44, 333«J) £4^333 344 4 4^3 ^3MH4. 3^3 m 133 SNR3 3^4 443 34 

34 333 ^4 MIMO 3^ 6 33 n^4(4, ^4 4^ ^113 ^43 34 3H#)4 4^4^4 44. 3 
4^ 334 4 o a-333 MIMO 3^ S4 ^3-333 34 MIMO 3^ ( c« 44, 0FDM4 4-S-*>fe MIMO 
3^)3 3444. 

443 3^^333 s33 34 ^33- 4a m 4^4 33 343 3^43 4^3n, 334 344 

444 34 43*44Jl 09/776,073 3 3 3 3 4. 

44(34 44, CCMI 3 ummse) 3 33-CSi 344 MIMO 3^33 44 44 3 44 4343 443 33 
334 443 4434 444514 44 443 33 343n, 34 MIM04 4444 44 3334. ccmi 3 u 
mmse 344 434 43 451 343 33 CSI4 4444 mimo 35i33 34 34 43 443 43 443 

33 343514 44. 434, 44 443 33 344 333 4^3 n 4 433 ^333 33/44-CSl 3H3 
344 4443 4444. 4443, 51 53 51 64 mimo 344 334n, 34 333 43(4, snr)4 4343 
443 3^33-S 33 ^4 44 CSI4 int 4 $14 443 3^33 4 3334 4444. 333 434 3 

43 3^4 44 43 3 44 443 33 343 3443 4 433 ^3334. 

44-CSl 34(34 44, CCMI 3 UMMSE 34)4 £4 33 443 4Jl SNR 514 334 SNR3 3^43 4 

34 34344 33 433 3H34 3 44333 34^ 33^3 33 43 (straightforward manner)3a 4 

44 4 514. 3 44354 455 5454 443 SNR 433 514 4^3 3343 3^43 4333, 434 455 
S43 514 34 333 33 4434. 334 434 33 35i3 3344 4^3334 344 334 43 43 
344 3ii44 443 4^344. 

35.3 34333 344 4 433 33/44-CSl 3^3 343 44-^55 4444. 44 csi 3^34 7>4 3 
5i3 3343 3433 33 csi 3^34 7>4 3344 3a44. 35i3 3344 444 43 3344: 

c=pog 2 a+r,) 

333 7 i 4 44 csi 343 34 443 443 455 343 snr 514 33 csi 343 34 443 34 33 
3 SNR34. 33 33 343 34 SNR4 444 43 £44 4 514: 
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ccmi ^-f, 



u " ummse y}^^\ 



a ' , m csi 71 #3 

£ 7AS1- £ 7B^r ^-CSI 3? ^H«J] 7}^ A>-g-§>i- 4 X4 MIMO a^^ £Al*h}. a] 

£ 7A^r SNR Si i«t 3*fl-CSI, ^f^-CSI CCMI ^5 ^--g-CSI UMMSE 7] £4: MIMO ^5 
7^%^ £Al*V4. £ 7AS^ ^-CSI UMMSE 7l#S] ^B^l ^ SNR Si *1 -S^ - SI H^S\ rflgf 75% 
6 H SNR 3*11 CSI 7^^i e^^Kr ^ <g- ^ ^ ^f-g-CSI CCMI 7]<£2\ T^e^ SNR 

^-CSI UMMSE 71 ^B]^ cfl§f 75%-90%<>H, ^ SNR S°1H i^ UMMSE 7^5^ 30% °1 

£ 7Bir 3H^3 §li£H^H 7\m^ A 8^& 37}x] 7l#°fl -3 Sj-f- ^(CDF)t £Al*>4. 51 7 B 
3^ 16dB^l Jg3- SNRi^l, ^e|%= 0 l CCMI 7}^S\ 2bps/Hz °1«}<1I "fl tfl^= 5%°J 7> $i*H} 

3J£ £^1S4. UMMSE 7l#3 ^<y<& SNR°1H 3-f i ^fl 7.5bps/Hz ^^i, 

UMMSE 7l#£ CCMI 7l#^4 7>xl^ Tj^ol 524. 

^A]7l ^A]7l Al^Eflo^ tsl^E^ ^q- ol^-S] t)*]ig Aljr A^el7l(DSP), -§-§- ^&*J ^333.(ASIC), HS^l 

a-1, p>oi3a=aAfl^, 7^H7l, pl-olHSMt-e), ^s.n.^7}^ t\}°}^ ^H(FPGA), £l2f7}^ teliA>, 
4& -8-* HLfe il^a ^€4. ^7lAi 7l -3q. 3^ £ e> hs^Ha 0 MH ^*S=1^ 

£ i2£H^H£}-*>H^H£l 5t£S ^31}. 1-^, CCMI ^ UMMSE 7l#i tfl^b a]^ ^ 

^flM SNR51 ^A>i cfl^ ^A>^ Ha^lAiAj-oHA-1 Ajs^ HSn^i 7la§M 55]- £ 6i^i zl-zl- 

*M 71 (530 ?J 650)). 

Aj^s] ^Al^oH o]^^ ^^oflTfl ^ ^21 ^li SL^r *}-g-°l 7>^>5L^ °1# ^^Hli 

^7J^ ^^H>fl -g-^lt ^Ol^, C^7lA^ £T§# <a^Ol £ g:^ 3 S ^^^-^0] T^-S 

^Ai^i *\%-^^ 4^, ^ 7iH£ ^aHHI ^ S ]-7i «i«> a 4 ^^ ^ 

7H> ^-tf 01 e> ^^* 0 Hi ^-s^. 



4^-°^ 4^-#^(MIM0) ^Al^aj^^ ^Al7lil^Ei ^Al7l ^-^^ H^}7] ^°_3_X\, 
^7) -3-^lA-l, 

4^^1 ^ ^^44 ¥«11 4^^1 ^«>ir ^^1# S^>^^1, ^7] ^a] oJb^^^ Al^i. 
*^171 ^ SLS,^ Aj^sl §>4 o!^^^ Aj^cq zjsv^ i«>§H, 

i?l§M 4^^1 ?i*iM^ 4^Mlfe iM Ji(CSI)l- -a-5L«>7l i?l«>^ 4>7l ^Al 

^l^iLft *le|«Hr ^1,^ 

A J"7l CSI# Aj-7] ^a]71 -a-^ Ai^>ir #31 « a^«H; 
A J"7l *A]7l -e-^eflAl, 
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^7} -H-^ <LTL^\ ^7} CSIl ^l^Hr £ 

^7] CSM1 7]^§M ^71 -fj-^*f| ^^«>7l 3* EiH^# 7^§Kr S^fe ^ . 

3^*8- 2. 

^1 1%H1 ^71 iLJlsl ClS^r 4>7l 4^ 3* jq-ZH cfl* cfl C -]«>7l Tl^(SNR) ^3*1 

# a^j-^r 

4 2%H1 ^71 ^7} tf| ^el tMl^r *d**fl^H ^ SNR 7]i*M 3**11 \I 41 

^T 1 * 4. 

^1 3%H1 ^"71 cfl^t tlM^fe- 3**11 \I 41 cfl* SNR ^3*1 41 7li§M yflrt^ o_ a s ^ 

4J 3%H1 5a°H, ^71 a^^fe n^S *fl°]± A>-g-§H 4>7l 3*41M4| tiM^f- a^Kr 

^71 dt^l^l 41 *> SNR ^8*1 41 7la*H 3^ HlHS] S^§Kr #7^1 # a^§Kr ^ . 

6. 

41 3%H1 SM^I, ^71 *^]7l -f)-^4H3 ^e]^l^ 3*41^41 cfl*v S nr^8*H 7la*M 3«m 

*H ^ z]- 3*41 ^4| tflol^l- T^Tfll- 5E^Kr 

^T 1 * 7. 

41 nni ^ c , sfe ^an^ a^-g^ ^ 

8. 

41 nni A o > 7 i ^jt^ CS |^ Aj- 7 i 4^6, ^^^^ofl d]*v jl^-s-r ^ ji-a-st^ ^^Mfe- W 

W*J" 9. 

41 8%>41 a o > 7 ] ^Al 7 ] ^^£j| ^B^fa H^^H 7l£*H ^71 3*41141 41*> ^o]b]1- SljSRr 

#411- a*>*>^ 

41 9%H1 5a°H, A o>7l z>z>2] 3*41^41 41* 4Me^ 2^5]^ 

^ 9%H1 A o>7l ^7] ^^5] ^el^Tflfe ^1^§>7] ^71 Ji-Jf^i 7]^§M -a^^a 

wl^^i 4e> ^^fl^ofl cflft i2^s] eh oi ell- •Sisfe ^ail i^fe 

ai 1UHI ^7] ^7] 7^^ir Jl-a-SHi 7|i§M ^7l «!^#1 A>^ofl 

ai A J-7l CSI^r ^71 ^71 ^^a^ £^ ^^Sl^r ^ . 

ai ^71 ClS^r ^"71 ^Al7l -Jf^S^ ^aj^S £^ CSli ^^^Bjfe « 

ai n>i ^7\ csi^r ^ •a^^ii- m m% #m a*3*r w 



- 18 - 



47fl4*1 42003-0085040 



$^"16. 

4 8%Hl $a°H, 47l n45iH # 47l n444 4hH4 csi4 44 ^olita 3434 44 

^1 1%H1 47] CSI^r 3141414 PflH^ri <Sttl 4(CCMI) *1 2H 7l^§M a> 7 ] ^a) 7 ] °-^6]]X] 

^ 17%H1 5^4, 4"7l 447] 44°1143 CCMI 7]5fe 

4"7l 44 S 4Jl1: 44 £ «2 ^4 45144 431 3; 

^ 1 PflH^^i 47] 4eWH ig^. ^§Kr 4^14; 

^l 2 PflH^4 47l 4^=1 §sH 34£ 45^43 4^*14 ^444 4^14; 

4>7] i^oiBi #44 3*M 4-8-3 44 s] 34^3 ^4 4^44 4314 a44*1; 

47l 31 iPflH^fe 4434 443 344314 £ 443 44 431 44*1 3 31 M ^H3 

4^414 44314 44 

^^p-^- 19. 

31 18%M1 4^ 44 47l «t££ -g-t ^8*l# 4i«H 47l 4^3 31444 431# a 

3^8" 20. 

31 19%H1 m ^3-^ 4^Hl 44471 4^3 ^3^44 431# £444 

3i i8%>i 344h 4^4 34 ^ ^4 ^*i« 3444 43it- 

£444 44 

3^8" 22. 

31 18%H1 SW, a o > 71 7li§H *ti^ 3)4 3lH^4 4^44 431# a«-*H; 

47] 4 1 34=^4 47] 311 A}^ 1I?jiS41 45134 44 
^t 1 * 23. 

31 22431 SW, 471 31M 314 3lH^^r 4°J5J 341^*3 tn-g-sj-^ 443 4^1431 7]^M 45134 4^ 



24. 

31 18431 47] 4 23l^^r 47] 31 131^3^43 451=1 «44 PflH^ol ^ 

^T 1 ^" 25. 

31 I4i 47] CSI^r 4°H^33 44 ^§444 3l3(UMMSE) 3331 7li*M a> 7 ] ^a) 7 ] o.^ofl 

3 45134 Bj-^. 

26. 

^ 254i 47] UMMSE ^e|4, 

47] 444 43:4 7-]e]§>o^ «!s^#4 45144 4^14; 

471 4 M4 471 444 45^344 4«M 444 4^ 4^1 4^414 ^1444 4^14; 

471 444 45^4i 7)m^ 444 444 4451 S4^4£l 4^4 4^344 4^14 a44 
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^T 1 * 27. 

4>7l 4>7l wM^^^xl ? >4 ^ MM- 7li§ M ^83Sr 

28. 

^1 27%H1 4>7i wM^^^xi ^ ^ ^ 4 v 7] ^ ^fAH21 ^WS^l- ^ 

§}H ^71 W>ol^^£]xl ^i-gi-ofl 7]^§M Aj-71 ^ inflseJ^ M ^ °-^}^ ^ 

29. 

A 1%H1 4^71 MIMO Ai^tfl^ ^44^ ^(OFDM)t- -a«g*>fe- 

4 29%H1 ^71 ^71 ^ % ^7} ^a)71 -a- 1 ?} 7^4^ 4^9 ^t4^ AA°\] ^ 

^41 71 -S-^iAl, 

4^9 ^71 <?M14i: Al^l; ^§>fe ^lf- ifSfecl, aj-71 z|z|o] ^ o_ Wa ^ ^A]£ A] 

J:fe 4>7i ^7i *d££ §W <W9 Ai^si a«-*H, 

^71 ^isi: A J-7i ^71 ^*Kr 

3*M 4^9 *d*^9 a] jr cfl c]§>7l ?H}(SNR)£ ^8*Kr 431, 

A o>7l tfl^r SNR ^3*11 4a1 441 7l -ff^H cf^l, 

^71 

^"71 ^44 SNR^8*H 44 4>7l ?i^>7l cIM^f- ^§Kr 43]# i^*>fe 

32 

^ 3n>i ^7] 4^ ^^11 M Tl^Hl cfltb SNR^l ^71 z>Z>^ ^ft ^71 SNR ^ 

^S^lfe A o>7l ^7] ttSLS, t±X\ ^5\±r 

jgn 1 ^ 33_ 

4 31 %Hl SI °l ^ , ^-71 ^a] 71 -a-^ oflAl , 

s*^^^ ^« -a-£*>fe 

34. 

A J-7l tflft^i 44^71 ^7] -h-tjH 4^47] ^<fl ^^a^§>^ 4^1 
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^n 1 ^ 35. 

4 31%H1 ja°H, 44 44£ 42^44 *HH s€3H4 nflj=^ °Jwi^(ccMi) 4^i 44 7^34 44 

3^$" 36. 

zft 314°31 $H*1. 47l 42^44 4°Hi^4l ^3-44(UMMSE) 4^°3l ^ 44 

^n 2 -^ 37. 

^1 31%H1 47l 44 7l 4^HH5l 34*Wl 334 47l 44£ SNRi 44 4451 

cfleV 3*3 *Kr 4^14 S44^r 44 

4 37%M1 ja°W, 47l 4471 -fHsH*13 ^el^Tflir 34*11^1 tfl*444 SNR4^H1 7]^§M 4 
24^°3l 4451 «4*flMi tfl4 S^Jg ^134 Hl^S>ir 

U^fl- 39. 

44 <^ 444^3 (Ml MO) 44^^ 0.^X1, 
4471 4^4 

4^ ^A] O}^^! ^ Al^S ^A]^J7 ^AlSl AlJrS ^^5M 44£ 45^44 *H 44514 4 A J £ 

^7] H^H-^IH =S.A)|A1 0 1I ^43*1, ^71 ^£ 45^344 44 344 4434 

4451 3**H\a3 4^4 43414 ^431 ^a(csi)!- 4514514 3<H51 4451 44 MIMO 

4?1 ^ MIMO = 3.41>*H ^3434 43 ^A)7l -ff^jH i}Aj ^^§>7l 3*43 CSI4 334514 4^ £ 34 

c^oiE-i si^l^f £443; 

=£4171 -fj-^, 

43 ^71 -a-^ J5.S43 §}4 343 ai^s ^ ^e]§H 43 34£ csil- 444514 3351 44 
51 4271, $ 

43 433 csh 3^43 ai-71 -ai /| o.ujon 34 3334 334514 ^433 34 333 

4 £44^r 443 3 4443 (MIMO) 433^ 
40. 

34-33 44-43(MIM0) 443^333 a}^}^ ^A|7l 43-°5i3, 

443 44 4344 "W-^fl 443 ^£1 444H 43 ^33 3Jl# A^§M 443 4^344 ^1^1 

514 433 44^1 H3H-3151 H^13 4; 

43 4451 H3H-3151 HS.AflA]<>(| ^^5]^, a]} 1 DflEeJ^oH 45]- Aj-y] ^a] ^ ^^^^M 4^^=! 

42^344 ^144514 4^4 i44^^, ^-71 4 1 n fl E^^ ^o!^ °i§m 44^1^ 44^1 « 

4 4^114 ^ 4451 44 ^144°151 ^M4 A J5l 4^ ^14 44^ ^; 

471 4b^1 ^434 A 2 pflH^^4 47l 4b^^ 42^44 44^ 4^^3451 4^3^14 ^144514 

4^?1 415714; 

471 ^71 i ^3434 471 ?144 ^14^ 44S 445] ?14^M51 ^4 4^34^ 47l 44^a ^flM 
4^4 44^31 ^M4^fl ^3ii(csi)4 ^1^4£4 4^4 *m 44 4^71^; 

471 4471 4^S4^ ^4471 ^4 471 csi4 444°i 7434514 4^4 S4 ^1*1^1 H^l^t a44^r 
4471 4^. 

^^41. 
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4 40%H1 sa°H, ^ ^€ ^3*H ^ -H-£«>£^ ^€ ^ 2 ^M]7]# a«> 

«H, W ^ 1 nflB^fe ^ PflH^^i 7li«H -a-SL^^r ^7] -Jj-^. 
3^$- 42. 

40%Hl $H*1. A J-7l S-Aj^ Al^cll aT-^ c]§>7] ?Bj(SNR) S^}^ ^17] 

^n 2 "^" 43. 

3^$- 44. 

H^-Hl ^ nflolE^ afl^Kr 
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